Biofi lm formation is a well known phenomenon in the medical and health care fi elds. Biofi lm infection has recently attained a greater importance as an intractable infectious disease since the number of persons easily infected is rising as the percentage of the elderly population increases (Costerton et al., 1999) . The environmental hygienic equipment and paper manufacturing industries call this phenomenon slime, and reportedly have considerable diffi culty in preventing it (Blanco et al., 1997; Väisänen et al., 1994) . Biofi lms exist in our life environment such as the kitchen and bathroom, and are typically described as slimy or clammy.
We analyzed heterotrophic bacteria constituting the biofi lm produced in cooling towers for air-conditioning and houses (bathroom drain) from a new viewpoint in which the internal environment of the biofi lm is relatively eutrophic, and measured the hydrophobicity of the cell surface layer to investigate the adhesiveness of isolates.
The test samples were as follows; A: This biofi lm was collected from the heat exchanger of a cooling tower installed to cool the production line in a food manufacturing plant in Ibaraki Prefecture. The cooling tower was installed in 1998, and 5 tons of water was retained. For supply water, industrial and well water was mixed and used (pH: 8.1, electric conductivity: 48 mS/m, all hardness: 137 mg/L, chloride ion: 39 mg/L, sulfuric acid ion: 83 mg/L, silica: 64 mg/L). The biofi lm sample was black and muddy. This biofi lm (350 g) was combined with 350 ml of sterile saline, vigorously shaken for 30 min, and kept at 4 C overnight. The supernatant was centrifuged at 1,000 rpm for 5 min, and the resulting supernatant was used as the sample. B: A biofi lm which had formed in a bathroom drain (material: polypropylene, thickness: about 1 mm) in a house in the Tokyo metropolitan area was scraped with sterile swabs and kept in sterile saline during transport. After macroscopic observation, the sample biofi lm was collected by centrifugation at 1,000 rpm for 1 min. This procedure was repeated twice to wash the biofi lm with sterile saline, followed by vigorous mixing using a vortex for 15 min, and the sample was fi nally adjusted to 20 ml (TOC: 100.6 mg/L, ammonium ion: 0.25 mg/L, phosphoric acid ion, nitric acid ion and nitrous acid ion: not detected).
The number of constituent bacteria was measured in consideration of the nutrients in the medium and duration of culture. Eutrophic BHI agar medium (BD, USA) and oligotrophic R2A agar medium (0.5 g pepton, 0.5 g yeast extract, 0.5 g casamino acid, 0.5 g Vol. 55 FURUHATA et al. glucose, 0.5 g soluble starch, 0.3 g K 2 HPO 4 , 0.05 g MgSO 4 7H 2 O, 0.3 g sodium pyruvate and 15 g agar per liter, pH 7.0 7.4; Nihon Pharmaceutical Co., Ltd., Tokyo) (Gibbs and Hayes, 1988) were used. Samples were subjected to 10-fold serial dilution to 10 6 , 0.1 ml each of the dilutions was streaked on the media and cultured at 36 C and 25 C, and colonies were counted each once on days 1, 3, 5, and 7. Cells were harvested from cultures at the late exponential phase of growth, washed, and stored at 20 C until further study.
The almost complete sequence of the 5 -end partial sequences of the 16S rRNA gene (about 400 bp) was determined using a MicroSeq 16S rRNA gene bacterial identifi cation kit (Applied Biosystems, USA) (Furuhata et al., 2006) . Multiple sequence alignment analysis was performed using the CLUSTAL W program (Thompson et al., 1994) and gap and unidentifi ed base positions were deleted using the BioEdit (Hall, 1999) software package. Evolutionary distances were calculated by Kimura s two-parameter model (Kimura, 1980) without alignment gaps and unidentifi ed base positions were taken into account during distance calculations. A phylogenetic tree was constructed using the neighbor-joining method (Saitou and Nei, 1987) , and bootstrap values were calculated on the basis of 1,000 replications (Felsenstein, 1985) . The isolated strains were identifi ed on the basis of more than 99% similarity values to the same group or species exhibited.
Hydrophobicity values were measured as reported by Matsushita and Mine (2005) and Rosenberg et al. (1980) . Bacterial suspension with an OD 400 value of 0.4 was prepared with PUM buffer (0.05 mol KH 2 PO 4 , 0.05 mol K 2 HPO 4 , 0.03 mol urea, 0.18 mol MgSO 4 7H 2 O), and 200 µl of n-octane (Nacalai Tesque, Inc., Kyoto) was added to 4 ml of the suspension and vigorously mixed. After being maintained at room temperature for 30 min, the lower PUM buffer layer (aqueous layer) was collected, and the OD 400 value was measured for each one. The value obtained by subtracting the OD 400 value of the PUM buffer layer after mixing from that before mixing (0.4) was regarded as the hydrophobicity value.
The time-course related numbers of colonies under each culture condition are shown in Fig. 1 . In the A biofi lm presented in the upper fi gure, 1.9 10 3 and 3.1 10 3 CFU/0.1 ml grew on day 1 at 36 C and 25 C on BHI agar medium, respectively, and 9.0 10 3 and 2.5 10 4 CFU/0.1 ml on day 7, respectively. On R2A medium, 5.4 10 3 and 5.2 10 3 CFU/0.1 ml grew on day 1 at 36 C and 25 C, respectively, and the count slowly increased with time at both culture temperatures, reaching 1.2 10 6 and 1.4 10 6 CFU/0.1 ml on day 7, respectively. On comparison of the colony count on day 7 between the media, the counts were 9.0 10 3 and 2.5 10 4 CFU/0.1 ml at 36 C and 25 C, respectively, on BHI agar medium, and 1.2 10 6 and 1.4 10 6 CFU/0.1 ml on R2A medium, respectively, showing that substantially more colonies grew on the latter.
In the B biofi lm presented in the lower fi gure, 1.2 10 7 CFU/0.1 ml appeared on day 1 on BHI agar medium at 36 C, but the count remained at 2.1 10 7 CFU/0.1 ml, showing no marked increase. At 25 C, the colony count was 1.6 10 5 CFU/0.1 ml on day 1 and 1.4 10 7 CFU/0.1 ml on day 3, but no marked increase was noted on day 7. A similar tendency was noted on R2A medium: 2.6 10 7 CFU/0.1 ml appeared on day 1, but the count remained at 5.6 10 7 CFU/0.1 ml on day 7 at 36 C. At 25 C, the colony count was 2.9 10 5 CFU/0.1 ml on day 1 and increased to 1.8 10 7 CFU/0.1 ml on day 3, but no increases were noted on day 5 or 7, exhibiting no major difference from the count on day 3.
The results of the identifi cation of the isolates on each medium and at each culture temperature are shown in Table 1 . Gram negative bacteria predominated in both biofi lms. In the upper column A biofi lm, Pseudomonas aeruginosa was isolated on R2A medium at 36 C on day 1, and Pseudomonas alcaliphila was commonly isolated under all other culture conditions. In addition, on BHI agar medium, Klebsiella pneumoniae was isolated at 25 C, and Aeromonas sp. was isolated on R2A medium at both temperatures. On day 3, Microbacterium sp. and Rheinheimera sp. were isolated on BHI agar medium at both culture temperatures, and Aeromonas sp., Brevundimonas diminuta and Xanthomonas sp. were isolated at 25 C. On R2A medium, there were no bacteria in common with those grown on BHI agar medium. Hydrogenophaga sp., Roseomonas sp. and Xanthomonas fl avus were isolated at 36 C, and Microbacterium sp., Amaricoccus sp. and Azoarcus communis at 25 C. No other bacterial species was isolated on BHI agar medium after day 5 at 36 C, but at 25 C, Leucobacter sp. was isolated on day 5, and Chryseobacterium sp., Nesterenkonia sp. and Porphyrobacter sp. on day 7. The greatest number of species (11 species) overall was isolated on BHI agar medium. On R2A, Brevundimonas sp., Caulobacter sp., Hyphomicrobium sp. and Porphyrobacter sp. were isolated on day 5 at 36 C. At 25 C, Hydrogenophaga sp. and Xanthobacter tagetidis were isolated on day 5, and Brevundimonas sp., Porphyrobacter sp. and Roseomonas sp. on day 7.
In the B biofi lm presented in the lower column, Acinetobacter baumannii was commonly isolated on BHI agar and R2A media on day 1 at both culture temperatures. In addition, Pseudomonas alcaligenes was isolated on BHI agar medium and Acidovorax temperans on R2A medium at 36 C. On day 3, Acidovorax temperans was isolated under all culture conditions excluding R2A medium at 36 C, and the same was true for Pseudoxanthomonas mexicana, excluding BHI agar medium at 36 C. Furthermore, Pseudomonas alcaligenes was isolated on both media at 25 C. In addition, Diaphorobacter nitroreducens was isolated on BHI agar medium at 36 C, and Lysobacter branescens on R2A medium at 36 C. On day 5, 3 species were additionally isolated on R2A medium at 25 C: Diaphorobacter nitroreducens, Lysobacter branescens, and Simplicispira sp. The greatest number of constituent bacterial species (7 species) was identifi ed on R2A medium at 25 C. As described above, biofi lms A and B were constituted by apparently different bacterial species with none in common.
The hydrophobicity values of isolates are shown in Table 2 . In the A biofi lm, the values ranged from 0.001 for B. diminuta (strain G-4) to 0.297 for Microbacterium sp. (strain E-2). The value of Microbacterium sp. (strain E-2) was the highest, but those of the same bacterial species, the strains G-2 and H-4, were low at 0.014, showing no species-specifi c tendency and variation among strains of the same bacterial species.
In the B biofi lm, the hydrophobicity values ranged from 0.002 for A. temperans (strain A-3) to 0.358 for A. baumannii (strain H-5). All of the strains with the 3 highest hydrophobicity values (strains H-5, F-3 and B-3) were A. baumannii, and the values were 0.358, 0.296 and 0.233, respectively. The cell surface layer was highly hydrophobic in these 3 strains, refl ecting their strong adhesiveness to carriers.
In the isolates from both biofi lms, no marked tendency was noted in the relationship between the relative hydrophobicity value and culture conditions, such as the isolation medium and incubation temperature.
The biofi lms produced in artifi cial aqueous environments are often regarded as problematic (Oppong et al., 2000; Uzel et al., 2008) . We analyzed bacteria constituting biofi lms which had formed in a cooling tower for air conditioning (A) and bathroom drain (B) to in- vestigate the prevention of biofi lm formation. The number of bacteria in each biofi lm was measured with regard to the culture medium and temperature. In the A biofi lm which formed in the cooling tower, oligotrophic bacteria were present; they grew slowly and formed colonies after incubation for 5 7 days on R2A medium. In contrast, many bacterial species constituting the B biofi lm grew fast and formed colonies on day 1 on BHI agar medium at 36 C, showing a marked difference in colony formation by the constituent bacteria depending on the site of biofi lm formation. Confi rmation with an increased number of samples is necessary to determine the extent of such differences. The gene sequences of the isolates were determined. Twenty bacterial species were identifi ed in the A biofi lm, exhibiting marked diversity, while only 7 species were identifi ed in the B biofi lm. The A biofi lm consisted of many bacterial species, including many slowgrowing oligotrophic bacteria, while the B biofi lm consisted of a relatively small number of bacterial species including a large proportion of rapidly growing species, exhibiting a simple constitution pattern. Biofi lms A and B consisted of apparently distinct bacteria with no species in common. Many of the identifi ed bacterial species have not previously been reported as biofi lm-constituent bacteria, which may be due to the fact that the bacteria were previously identifi ed based on partial DNA base sequences, unlike the current method, which is focused on biochemical property testing. There were many unidentifi able isolates and possibly novel species based on the base sequence homology, for which the accumulation of data concerning classifi cation is essential. Oppong et al. (2000) investigated bacteria constituting the pink biofi lm which formed in the course of a paper manufacturing process, and identifi ed Methylobacterium zatmanii, Roseomonas sp., Deinococcus grandis and Flectobacillus sp. These were absent in the biofi lm samples of this study, but this result is similar to our fi ndings regarding pink chromogenic bacteria in our previous studies on biofi lms which formed in a cooling tower for air conditioning (Furuhata et al., 2007) and environmental water (Furuhata et al., 2008) .
To investigate the adhesiveness of the isolates, the hydrophobicity of the cell surface layer was measured. In both biofi lm samples, highly hydrophobic isolates were present. The hydrophobicity values of these isolates were not affected by the culture conditions, such as the culture medium and temperature, and no marked tendency was noted. Pseudomonas aeruginosa and Staphylococcus epidermidis are generally known to be very adhesive (Henriques et al., 2005) , but it was clarifi ed that minor bacterial species with a hydrophobic cell surface layer, such as those isolated, were present. Adhesion is essential to many microorganisms, and adhesion to carriers may be signifi cant for biofi lm formation.
Regarding the isolates that grew rapidly, P. aeruginosa and P. alcaliphila were identifi ed in the A biofi lm, while A. baumannii, A. temperans and P. alcaligenes were identifi ed in the B biofi lm. The roles of these species in the early steps of biofi lm formation as well as its maintenance and growth are not at present clear. We are planning to investigate these species in a future study.
